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Description 

This invention relates to a method of determining 
the shape of objects and to apparatus for use therewith. 
More especially, the invention concerns methods of and s 
apparatus for determining the manifest flatness of 
sheets and strips of metallic material, e.g. steel. 

Steel strip and sheet (hereinafter referred to collec- 
tively as "steel strip") is conventionally produced by hot 
or cold rolling a semi-finished product (eg a bar) in a 10 
multi-stand rolling mill. The flatness of steel strip so pro- 
duced is, of course, potentially of importance to the end 
user. The measurement of strip flatness is, however, 
hindered by the high operational speeds of conventional 
rolling mills. There is, consequently, a need for a method *5 
of and apparatus for rapidly measuring the flatness of 
the strip leaving a rolling mill. 

One technique which has been commonly em- 
ployed is that of illuminating the strip with a laser gen- 
erated light beam and observing the position of the 20 
beam on the strip with a television area camera. The 
computing power required to analyse a television pic- 
ture rapidly is, however, considerable and costly. Also, 
with less rapid computing power, the interval between 
measurements is likely to be much longer than is desir- 25 
able to provide a true indication of flatness. Various op- 
tical profile measurement devices are known eg US 5 
056 922, which uses coplanar light beams arranged in 
the same plane to measure profiles of moving objects. 

It is an object o1 the present invention to provide a 30 
method of and apparatus for rapidly measuring the 
shape of an object, especially the manifest flatness ol a 
strip of steel or other material. 

According to a first aspect of the present invention 
there is provided apparatus for measuring the shape of 35 
a surface of an object, the apparatus being character- 
ised by laser means operable to direct onto a surface of 
an object moving relative to the laser means a plurality 
of light beams spaced one from another in the direction 
of movement of the object to produce on the object sur- 40 
face a plurality of light patterns which extend across the 
object in a direction generally normal to the direction of 
movement of the object, scanning means for scanning 
the laser-generated light beams continuously across the 
object surface in a direction generally normal to the di- 4S 
rection of movement of the object, and an array of line- 
scan cameras positioned to view and record the said 
light patterns and to process in parallel the recorded da- 
ta to provide a measure of the shape of the object sur- 
face. Scanning may be effected by rotating or oscillating so 
mirror assemblies. These assemblies may comprise 
mirror galvanometers. 

The images recorded by the individual line-scan 
cameras of the array may be processed in parallel each 
to provide a measure o1 the height of that part of each 55 
light pattern viewed by that camera above a reference 
plane. 

In another aspect there is provided apparatus for 
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for measuring the shape of a surface of a metal object 
moving over a support surface, the apparatus being 
characterised by laser means operable to direct onto the 
surface of the moving object a plurality of light beams, 
means operable to produce from these laser-generated 
light beams a plurality of light patterns each of which 
extends across the width of the object and is spaced 
from the other light patterns in the direction of object 
movement, scanning means for scanning the laser-gen- 
erated light beams continuously across the object sur- 
face in a direction generally normal to the direction of 
movement of the object, an array of line-scan cameras 
extending across the width of the object and positioned 
to view and record the said light patterns, and to process 
in parallel the recorded data to provide a measure of 
shape of the object surface. 

In a further aspect, there is provided a method of 
measuring the shape of a surface of an object moving 
over a support surface, the method being characterised 
by the steps of directing onto a surface of an object a 
plurality of laser-generated light beams to produce on 
that surface a plurality of light patterns which extend 
across the object surface in a direction generally normal 
to the direction of movement of the object, scanning the 
laser-generated light beams continuously across the 
object surface in a direction generally normal to and 
across the direction of movement of the object and re- 
cording the light patterns produced using an array of 
line-scan cameras positioned generally normal to and 
across the direction of movement of the object and 
processing the data recorded by each line-scan camera 
in parallel with the other such cameras to provide a 
measure of the flatness of the object surface. 

The invention will now be described by way of ex- 
ample only and with reference to the accompanying 
drawings in which: - 

Figures 1 and 2 are schematic side and plan views 
of apparatus in accordance with the invention; 
Figure 3 is a diagrammatic perspective view partly 
in section of a line scan camera forming part of the 
apparatus illustrated in Figures 1 and 2; 
Figures 4 and 5 are respectively side elevational 
and plan views partly in section of apparatus in ac- 
cordance with the invention positioned above a roll- 
er table of a rolling mill; 

Figure 6 is a section along line VI -VI of Figure 4 to 
a reduced scale; and 

Figure 7 schematically shows the manner in which 
line-scan cameras of the apparatus illustrated are 
linked to a processing computer; 

Referring now to the drawings, Figures 1 and 2 
schematically illustrate the method of operation of ap- 
paratus in accordance with the invention for measuring 
the flatness of a steel strip 1 moving in the direction of 
arrow A over a support surface 2. The shape of the steel 
strip has been exaggerated in Figure 1 for purposes of 
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explanation. Three laser-generated light beams 3 are 
projected on to the surface of the strip 1 . Each light beam 
is scanned across the width of the strip to trace a linear 
light pattern. The light patterns are viewed by an array 
of line-scan cameras 5 which extend across the width 
of the strip. The angle of projection of each laser beam 
is inclined such that its axis subtends an angle of typi- 
cally 20° to a line drawn normal to the strip surface. The 
cameras 5 are inclined at approximately the same angle 
so that the optical axis of each camera lies typically 20° 
to a line drawn normal to the strip surface. As the strip 
1 moves over the support 2 its surface rises and falls 
relative to the support surface 2 because inter alia of 
unevenness in the strip surface. With a truly flat strip 
surface, the light pattern 4 would be seen by the respec- 
tive camera at position 7 of Figure 1 ; with a strip config- 
uration as shown, however, the light pattern is seen by 
the camera at position 8. Thus, the instantaneous height 
of the strip at any given position can be measured by 
appropriately processing the image data received by the 
cameras 5 with reference to an arbitary reference plane 
and previous calibration. More especially instantaneous 
heights of the strip surface are recorded to provide a 
measure of the linear distance (ie filament length) be- 
tween neighbouring light patterns. 

By taking a series of measurements at regular in- 
tervals across the width of the strip by means of the cam- 
era array 5, overall flatness of the strip can be deter- 
mined 

One advantage of employing a plurality of laser 
beams is that simultaneous measurements at three 
lengthways spaced locations can be taken to enable 
height differences to be determined by parallel process- 
ing; the measurements taken will of course be affected 
by general vertical movements of the strip in addition to 
localised variations in strip flatness. Because any over- 
all vertical movement of the strip caused, for example, 
by flutter will result in similar horizontal movements of 
the light patterns produced by the laser beams, such 
general movements can be cancelled out readily during 
processing. It will be appreciated, therefore, that the im- 
ages produced by the on-line camera array 5 can be 
processed to define accurately the relative positions of 
the lines of light 4 produced by the individual laser 
beams 3 and from this data the flatness of the strip can 
be determined. 

The laser beams 3 are conveniently generated from 
a single laser and are scanned across the width of the 
strip by a rotating or oscillating mirror system e.g. a mir- 
ror galvanometer. Alternatively, a line generator or a 
multiplicity of separate lasers may be provided each be- 
ing pulsed to provide an ON/OFF light pattern. 

Turning now to Figure 3, each line-scan camera 5 
includes a lens 11 which receives light reflected from 
that part of the strip surface contained within the restrict- 
ed "line" of scan 6 and focuses this reflected light onto 
a receiving surface 12 comprising an array 14 of light 
sensitive material. Images of the light patterns received 
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on the receiving surface 1 2 are shown at 4a : 4b and 4c. 

The linear light sensitive arrays 1 4 are typically con- 
ventional charge coupled devices and the positions of 
each light pattern 4a, 4b, 4c. is determined by reference 

5 to the pixels of the array 14 which are activated by the 
respective light pattern. Each linear array 14 is separate 
from the arrays of the other cameras and the outputs 
from the several linear arrays are processed in parallel 
using electronic hardware. This means that processing 

io time is reduced significantly. 

One particular arrangement of apparatus in accord- 
ance with the invention is shown in Figures 4 to 6. A 
laser 20 has its beam divided into three separate beams 
21 each of which is scanned across the width of the strip, 

15 by one of three mirror galvanometer scanners 22 locat- 
ed within a dust-proof enclosure 23. The strip 1 is moved 
along a roller table 24 in the direction indicated by arrow 
A and light reflected from the strip surface is received 
by an array of line-scan cameras 25 including optical 

20 sensors located within a housing 26. The laser 20 is typ- 
ically a four watt argon ion laser and there are typically 
twenty-one line scan cameras 25 (only some of which 
are illustrated in Figure 6) placed evenly across the 
width of the roller table 24. Each line scan camera 25 is 

25 typically fitted with a F2.8 200mm focal length lens to 
enable height changes of up to 250mm to be measured. 
Each line scan camera typically has 2048 pixels to en- 
able sub-millimetric resolutions of height. 

The assembly of the laser 20, the scanners 22, the 

30 line scan camera array 25 and associated electronics 
27 are positioned typically 3m above the roller table 24 
at the exit of a hot rolling mill. The outputs of the line- 
scan cameras 25 are linked for parallel processing to a 
control computer 28 (see Figure 7) situated some dis- 

35 tance away in an instrumentation room. All of the equip- 
ment positioned above the roller table 23 is housed in a 
water-cooled or refrigerated casing 29 formed in its un- 
dersurface with windows 31 for the passage of the la- 
sers 21 onto the strip surface and reflected light from 

40 that surface to the cameras 25. 

In use, because the strip surface is reasonably re- 
flective, any angular changes in it away from the spec- 
ular (due to shape waves or "flutter") will cause the in- 
tensity of the individual "stripes" (ie. patterns) produced 

45 by the laser beams 21 on the strip surface to vary. Over 
the range of measurement envisaged the intensity may 
vary several hundred times. Because this may fall out- 
side the dynamic range of the cameras 25, it is neces- 
sary to use a sufficiently powerful laser to ensure that 

so the signal is not too small to measure when the strip an- 
gle to the horizontal is large. A consequence of this is 
that when the strip angle is near the specular the signal 
is many times over-saturated and it is necessary to use 
linear arrays with 'anti-blooming' to avoid distortion of 

55 the signal and ensure accurate measurements at all 
times. 

The laser "stripes" are typically 125mm apart 
(250mm between the outermost ones) in the direction 
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of travel of the strip and this separation determines the 
sampling frequency along the rolling direction and 
hence the minimum wavelength shape which can be 
measured. This separation gives five measurement 
points per wavelength at 500mm (the design minimum). 
To ensure full coverage of the strip a camera reading 
should be made every 250mm of strip travel. This is 
equivalent to a reading about every 14mS at the maxi- 
mum strip speed of the mill, 1Bm/s. 

As the strip speed varies with product grade and 
rolling practice the computer monitors changes in strip 
speed and effects an appropriate alteration in the inte- 
gration times of the cameras. So that the laser spots only 
cross the fields of view of the cameras 25 once per in- 
tegration period the scanners 22 are synchronised to the 
cameras 25. The scanners 22 are driven by a sawtooth 
waveform whose amplitude can be adjusted to suit the 
width of the strip being rolled. During the flyback period 
each camera 25 can be disabled electronically so that 
the spots are not seen. Since the laser spots cross the 
fields of view of each camera 25 very quickly (around 
50 micro seconds) any motion blur due to movement of 
the strip surface is virtually eliminated. 

Since strip leaving a hot rolling mill is red hot as it 
passes below the casing 29, radiation from the strip sur- 
face is blocked by fitting each camera 25 with a dichroic 
bandpass filter 32 which is centred on the laser wave- 
length (about 500nm), If such a filter is not fitted the cam- 
eras become saturated by background radiation, since 
they have peak sensitivity at about BOOnm. 

As indicated schematically in Figure 7, the cameras 
25 are linked to the computer 28 : three at a time, via 
seven interface boards 33. These boards 33 threshold 
the analogue camera signals 34 in circuitry to produce 
binary video signals which are fed into edge detection 
circuitry. Since this processing is done in hardware and 
in parallel it is very fast. The edges, which are transitions 
above a programmable threshold set on an input, are 
stored in a FIFO buffer (first in/first out hardware buffer) 
and correspond to the positions of the laser "stripes" in 
the field of view of the cameras. 

At the end of each camera integration period an in- 
terrupt is generated and the edge readings are read 
from the seven interface board Fl FO buffers by the com- 
puter 28 via a data base. These edge readings are then 
filtered in software to remove invalid data and are used 
to estimate the lengths of surface filaments (ie linear dis- 
tance between laser generated pattern 1 ) on the strip 
for each valid camera. Since the strip width is likely to 
vary and is unlikely entirely to fill the complete width of 
the roller table 24 some of the cameras 25 will not see 
all three "stripes". Software ignores readings from these 
cameras. The estimated filament lengths ( ie the dis- 
tance between the respective light patterns 4) are then 
integrated over a preset length of strip and used to cal- 
culate parameters from which the flatness of the strip 
can be determined. 

Advantages of line scan cameras over area camer- 



as include the fact that line-scan cameras have relative- 
ly higher resolution than area cameras and for accurate 
measurement when using area cameras it is necessary 
to use interpixel interpolation techniques which further 

5 absorb processing time. Furthermore area cameras 
have considerably more data to read per integration pe- 
riod than line scan cameras and therefore their opera- 
tional speed is significantly reduced. Area cameras are 
normally only required to work at a TV frame rate which 

io . is slower than is required in practice for a steel strip mill 
which may require up to 80Hz operation. Area cameras 
also produce a lot of redundant information and finally 
the anti-blooming performance of area array cameras is 
not as good as line scan cameras. 

is Whereas the foregoing describes the invention in 
the context of detecting the flatness of metal strip, ap- 
paratus in accordance with the invention can be em- 
ployed for detecting the surface shape of, for example, 
tubes, rolled sections, profiled sections and the like. 

20 The invention is defined by the appended claims 
1-6. 



Claims 

25 

1 . Apparatus for measuring the shape of a surface of 
an object, the apparatus being characterised by la- 
ser means (20) operable to direct onto a surface of 
an object moving relative to the laser means a plu- 

30 rality of light beams (3) spaced one from another in 
the direction of movement of the object to produce 
on the object surface a plurality of light patterns 
which extend across the object in a direction gen- 
erally normal to the direction of movement of the 

35 object, scanning means (22) for scanning the laser- 
generated light beams continuously across the ob- 
ject surface in a direction generally normal to the 
direction of movement of the object, and an array 
of line-scan cameras (5) positioned to view and 

40 record the said light patterns and to process in par- 
allel the recorded data to provide a measure of the 
shape of the object surface. 

2. Apparatus as claimed in Claim 1 wherein the scan- 
45 ning means comprises a rotating or oscillating mir- 
ror assembly (22, 23). 

3. Apparatus as claimed in Claim 2 wherein the mirror 
assembly comprises a plurality of mirror galvanom- 

so eters (22). 

4. Apparatus for measuring the shape of a surface of 
a metal object moving over a support surface, the 
apparatus being characterised by laser means 4 (20) 

55 operable to direct onto the surface of the moving 
object a plurality of light beams (3), means operable 
to produce from these laser-generated light beams 
a plurality of light patterns each of which extends 
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across the width of the object and is spaced from 
the other light patterns in the direction of object 
movement, scanning means (22) for scanning the 
laser-generated light beams continuously across 
the object surface in a direction generally normal to 
the direction of movement of the object, an array of 
line-scan cameras (5) extending across the width 
of the object and positioned to view and record the 
said light patterns, and to process in parallel the re- 
corded data to provide a measure of shape of the 
object surface. 

5. Apparatus as claimed in Claim 4 wherein the sup- 
port surface comprises a roller table (24) positioned 
to receive metal strip from a rolling mill. 

6. A method of measuring the shape of a surface of 
an object moving over a support surface, the meth- 
od being characterised by the steps of directing on- 
to a surface of an object a plurality of laser-gener- 
ated light beams to produce on that surface a plu- 
rality of light patterns which extend across the ob- 
ject surface in a direction generally normal to the 
direction of movement of the object . scanning the 
laser-generated light beams continuously across 
the object surface in a direction generally normal to 
the direction of movement of the object and record- 
ing the light patterns produced using an array of 
line-scan cameras positioned generally normal to 
and across the direction of movement of the object 
and processing the data recorded by each line-scan 
camera in parallel with the other such cameras to 
provide a measure of the flatness of the object sur- 
face. 



Patentanspruche 

1. Vorrichtung zur Messung der Form einer Gegen- 
standsoberflache, 

dadurch gekennzeichnet, daB eine Laservorrich- 
tung (20) vorgesehen ist, urn auf eine Oberflache 
eines sich gegenuber der Laservorrichtung bewe- 
genden Gegenstandes mehrere Lichtstrahlen (3) 
zu richten, die in Bewegungsrichtung des Gegen- 
standes im Abstand zueinander liegen, urn auf der 
Gegenstandsoberflache mehrere Lichtmuster zu 
erzeugen, die sich in einer Richtung allgemein nor- 
mal zur Bewegungsrichtung des Gegenstandes 
uber den Gegenstand erstrecken, daB eine Abtast- 
vorrichtung (22) vorgesehen ist, um eine Abtastung 
der vom Laser erzeugten Lichtstrahlen kontinuier- 
lich uber die Gegenstandsoberflache in einer Rich- 
tung allgemein normal zur Bewegungsrichtung des 
Gegenstandes vorzunehmen, und daB eine Reihe 
von Linienabtastkameras (5) vorgesehen ist, um 
die Lichtmuster zu betrachten und aufzuzeichnen, 
und um parallel zueinander die aufgezeichneten 



Daten zu verarbeiten und dadurch eine Messung 
der Form der Gegenstandsoberflache zu erhaiten. 

2. vorrichtung nach Anspruch 1, bei welcher die Abt- 
5 astvorrichtung aus einem rotierenden Oder oszillie- 

renden Spiegelaufbau (22, 23) besteht. 

3. Vorrichtung nach Anspruch 2, bei welcher der Spie- 
gelaufbau aus mehreren Spiegelgalvanometern 

io (22) besteht. 

4. Vorrichtung zur Messung der Form einer Oberfla- 
che eines metallischen Gegenstandes, der sich 
uber einer Trageroberflache bewegt, 

7£ dadurch gekennzeichnet, daB eine Laservorrich- 
tung (20) vorgesehen ist, um auf die Oberflache des 
sich bewegenden Gegenstandes mehrere Licht- 
strahlen (3) zu richten, daB Mittel vorgesehen sind, 
die aus diesen durch Laser erzeugten Lichtstrahlen 
20 mehrere Lichtmuster erzeugen, von denen jedes 
sich quer uber die Breite des Gegenstandes er- 
streckt und von den anderen Lichtmustern in Rich- 
tung der Gegenstandsbewegung im Abstand liegt, 
daB eine Abtastvorrichtung (22) vorgesehen ist, um 
25 eine Abtastung der durch Laser erzeugten Licht- 
strahlen kontinuierlich uber die Gegenstandsober- 
flache in einer Richtung normal zur Bewegungsrich- 
tung des Gegenstandes zu bewirken, und daB eine 
Reihe von Linienabtastkameras (5) vorgesehen ist, 
30 die sich uber die Breite des Gegenstandes erstrek- 
ken und so angeordnet sind, daB sie die Lichtmu- 
ster betrachten und aufzeichnen, und daB die auf- 
gezeichneten Daten parallel verarbeitet werden, 
um eine Messung der Form der Gegenstandsober- 
35 flache zu liefem. 

5. Vorrichtung nach Anspruch 4, bei welcher die Tra- 
geroberflache aus einem Rolltisch (24) besteht, der 
ein Metallband ubernimmt, welches von einem 

40 Walzwerk geliefert wird. 

6. Verfahren zur Messung der Form einer Oberflache 
eines Gegenstandes, der sich uber eine Trager- 
oberflache bewegl 

45 gekennzeichnet durch die folgenden Schritte: es 
werden auf eine Oberflache eines Gegenstandes 
mehrere, durch Laser erzeugte Lichtstrahlen ge- 
richtet, um auf jener Oberflache mehrere Lichtmu- 
ster zu erzeugen, die sich quer uber die Gegen- 

50 standsoberflache in einer Richtung allgemein nor- 
mal zur Bewegungsrichtung des Gegenstandes er- 
strecken; die durch Laser erzeugten Lichtstrahlen 
tasten kontinuierlich die Gegegenstandsoberflache 
in einer Richtung allgemein normal zur Bewegungs- 

55 richtung des Gegenstandes ab; es werden die er- 
zeugten Lichtmuster unter Benutzung von Linien- 
abtastkameras autgezeichnet, die allgemein nor- 
mal zur Bewegungsrichtung des Gegenstandes 
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und quer hierzu angeordnet sind, und es werden 
die von jeder Linienablastkamera aufgezeichneten 
Daten parallel mit den Daten deranderen Kameras 
verarbeitet, urn eine Messung der Flachheit der Ge- 
genstandsoberflache zu erhalten. 

Revendications 

1 . Dispositif pour mesurer la configuration de la surfa- 
ce d'un objet, caracterisS par un laser (20) action- 
nable en vue de collimater sur une surface d'un ob- 
jet se deplacant par rapport au laser, une pluralite 
de faisceaux lumineux (3) espaces les uns des 
autres dans le sens du depiacement de I 'objet, afin 
de produire, a la surface de I'objet et d'une extremity 
a I'autre de celui-ci, une pluralite de motifs lumi- 
neux. dans une direction generalement perpendi- 
culaire a la direction du depiacement de I'objet, un 
dispositif de balayage (22) assurant un balayage, 
en continu, des faisceaux lumineux generes par la- 
ser, sur la totality de la surface de I'objet, dans une 
direction generalement perpendiculaire a la direc- 
tion du depiacement de I'objet, et une batterie ali- 
gnee (5) de cameras de balayage lineaire position- 
nees pour inspecter et enregistrer les motifs lumi- 
neux precites, et pour traiter les donnees enregis- 
trees en parallele, afin de donner une mesure de la 
configuration de la surface de I'objet. 

2. Dispositif selon la revendication 1 , dans lequel le 
dispositif de balayage comprend un montage a mi- 
roir tournant ou oscillant (22. 23). 



registries, afin de donner une mesure de la confi- 
guration de la surface de Pobjet. 

5. Dispositif selon la revendication 4, dans lequel la 
s surface de support comprend une table a rouleaux 

(24) positionnee pour recevoir un ruban de metal 
en provenance d'un laminoir. 

6. Procede penmettant de mesurer la configuration de 
io la surface d'un objet se deplacant sur une surface 

de support, caracterisd par les etapes consistant a 
collimater sur une surface d'un objet, une pluralite 
de faisceaux lumineux generes par laser, en vue de 
produire sur cette surface une pluralite de motifs lu- 

75 mineux, d'une extremite a I'autre de la surface de 
I'objet, dans une direction generalement perpendi- 
culaire a la direction du depiacement de I'objet. a 
balayer, en continu, les faisceaux lumineux generes 
par le laser, sur toute la total ite de la surface de Pob- 

20 jet et dans une direction generalement perpendicu- 
laire a la direction de depiacement de I'objet, a en- 
registrer les motifs lumineux produits, en utilisant 
une batterie de cameras a balayage lineaire posi- 
tionnees generalement perpendiculairement a la di- 

25 rection du depiacement de I'objet, et en travers de 
celle-ci, et a traiter les donnees enregistrees par 
chacune des cameras a balayage lineaire, en pa- 
rallele avec les autres cameras, afin de fournir une 
mesure de la planeite de la surface de I'objet. 

30 



3. Dispositif selon la revendication 2, dans lequel le 35 
montage a miroir comprend une pluralite de galva- 
nometres a miroir (22). 

4. Dispositif pour mesurer la configuration de la surfa- 
ce d'un objet metallique se deplacant sur une sur- 40 
face de support, caracterise par un laser (50) sus- 
ceptible d'etre actionne en vue de collimater, sur la 
surface de i'objet en mouvement une pluralite de 
faisceaux lumineux (3), un dispositif actionnable en 
vue de produire, a partir de ces faisceaux lumineux 4$ 
generes par le laser, une pluralite de motifs lumi- 
neux, dont chacun s'etend sur toute. la largeur de 
I'objet et est espac6 des autres motifs lumineux 
dans la direction de depiacement de I'objet, un dis- 
positif de balayage (22) assurant, en continu, le ba- so 
layage des faisceaux lumineux generes par le laser, 
d'une extremity a I'autre de la surface de I'objet, 
dans une direction generalement perpendiculaire a 

la direction de depiacement de I'objet, une batterie 
(5) de cameras a balayage lineaire (5) placees d'un 55 
bout a I'autre de la largeur de I'objet, et positionnees 
pour inspecter et enregistrer lesdits motifs lumi- 
neux, et pour traiter, en parallele, les donnees en- 
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